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The upper Mesozoic and Cenozoic distribution of calcareous, biogenic particles which are produced by plank- 
tonic foraminifers and nannoplankton and which are the most important components ofpelagic sediments since 
mid-Mesozoic times, has been reconstructed using data from North Atlantic deep-sea drill sites. Two phases of sedi- 
mentation o f carbonate-rich sediments are separated by an interval from 100 to 80 m.y.B.P, when CaCO3 particles 
were diluted by chiefly terrigenous material. Prior to 100 m.y.B.P, the highest concentrations of calcareous matter 
were confined tothe deepest part of the then 4-4.5 km deep North Atlantic. After 80 m.y.B.P, sediments with 
high concentrations f calcareous matter have been deposited above 3 km paleodepth, but during the last 25m.y. 
also between 4 and 5.5 km paleo-water depth. The latter occurrence is asso iated with indications of downslope dis- 
placement of calcareous material into the abyssal plains of the deepest parts of he North Atlantic. 
1. The calcareous components of deep-sea sediments 
Pelagic sediments which cover most of the world's 
ocean floors consist in many areas of dominantly bio- 
genic calcareous and opaline particles which have 
been secreted by planktonic living algae (diatoms, 
coccolithophorides) and protozoans (radiolarians, 
foraminifers). With the exception of the radiolarians 
these organisms are believed to have populated the 
oceanic surface water masses ince mid-Mesozoic time 
[1 ]. The rise of a planktonic paleo-environment 
which had lacked any carbonate-secreting plankters 
until then, resulted in many areas not only in a 
drastic change of the composition of deep-sea sedi- 
ments but also, it is believed, in an alteration of the 
chemistry of the oceanic water masses. Up to now the 
history of calcium carbonate sedimentation in the 
ocean basins has been reconstructed mainly by trying 
to trace back in time an interface where dissolution 
rates outweighed the deposition rates of calcareous 
(mainly calcitic) particles; this interface is also called 
the calcite compensation depth or CCD [2]. The 
most successful attempts of such reconstructions have 
been made through the use of deep-sea drill site data 
from locations where reasonable assumptions about 
the age of the sedimentary sequence, age and depth 
of the oceanic basement could be made, and where 
the paleodepth of deposition could therefore be 
determined [3]. 
The attempts to define a CCD by projecting all 
data from a major ocean basin to one age-depth dia- 
gram does not do justice to the fact that today this 
interface reveals considerable morphology, as it prob- 
ably did in former times [4]. It seems to be shallow- 
ing close to the continental margins and under high 
latitudes and there exists a considerable range of con- 
centrations of calcareous matter in deep-sea sedi- 
ments deposited close to and above this interface [5]. 
Both the above mentioned facts are the reason for the 
considerable scatter displayed when plotting car- 
bonate concentrations versus water depth. In this 
study we will therefore investigate the distribution of 
carbonate concentrations in the Mesozoic [6] and 
Cenozoic North Atlantic Ocean throughout the entire 
water column, as far as this is possible using deep-sea 
drill site data. The reasons for choosing the North 
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Fig. 1. Distribution of deep-sea drill sites in the main North Atlantic basin which have been used for the reconstruction f the dis- 
tribution of calcareous components in Mesozoic and Cenozoic North Atlantic deep-sea sediments. 
Atlantic data are several, but the greatest and most 
important attraction is the good coverage with drill 
sites (Fig. 1) because this part of the world ocean has 
been visited during a considerable number of cruises 
of the drilling vessel "Glomar Challenger", and 
because many of the later sites have excellent coring 
records. The wide range of paleodepths which can be 
reconstructed from these drill sites enabled us to 
describe the distribution of calcareous material in the 
main North Atlantic basin during the last 140 m.y. 
and for the entire water column except he upper 1.5 
km. The distribution of  other major sediment compo- 
nents (opaline particles, terrigenous and volcanic 
material, organic carbon) have been studied [7] with 
methods imilar to the ones used in this paper, and 
they can therefore be related to the carbonate con- 
centrations. The age structure of the oceanic crust of 
the North Atlantic is well known and its paleogeog- 
raphy as well as its paleobathymetry have recently 
been described [8-10] .  These data can therefore be 
put into a regional context. 
2. Methods and data 
The information used in this study has been 
extracted in part from the Initial Reports of the 
Deep-Sea Drilling Project, and part from the Geo- 
418 
times reports of Legs 1, 2 ,3 ,4 ,  11, 13, 14, 37, 39, 
41,43, 44, 45,47, 49, 50, 51, and 52, while a further 
source has been the DSDP data bank at Scripps Insti- 
tution of Oceanography [ 11 ]. In the selection of sites 
we have tried to ensure that only sites whose paleo- 
depth of deposition could be described with reason- 
able certainty were included. A detailed documenta- 
tion of the data needed for this purpose is forth- 
coming [7]. The reconstruction of this important 
variable has been carried out following the back- 
tracking method [ 12,13], which requires the depth 
and age of oceanic basement to be known, as well as 
thickness and age of the overlying sediments. In 
selecting the drill sites we have also tried to obtain a 
reasonably even regional coverage of the eastern and 
western North Atlantic basins (Fig. 1). This usually 
presents ome difficulty because of the bias of the 
much denser drill site coverage of the western North 
Atlantic. A lithological comparison of the western 
and eastern basin drill sites of the North Atlantic has 
also revealed major asymmetries in the distribution of  
their sedimentary facies due to the differences of sur- 
face and bottom water circulation [10]. These asym- 
metries and the occurrence of hiatuses which repre- 
sent much longer periods in the western than in the 
eastern North Atlantic [ 14], contribute to the fact 
that only very broad trends of the carbonate distribu- 
tions can be discussed here. 
Information about age and composition of the 
sediments has also been extracted from the site 
reports of the various deep-sea drill sites. Since the 
time scales and biostratigraphies u ed can vary from 
author to author, we have redrawn all data following 
standard time scales [ 15-17].  The measurements of 
the calcium carbonate concentrations have been car- 
ried out by a variety of methods. However, for the 
purpose of this study the accuracy of these measure- 
ments and their comparability was considered to be 
sufficient. From many cores numerous determina- 
tions of the carbonate concentrations are available. In 
these instances we have used their average. However, 
there are also many intervals at these drill sites where 
the data coverage was found to be less good. In 
general, we have tried to obtain at least one measure- 
ment per section (corresponding to 1.5 m length) of 
the cores (corresponding to 9.5 m of the penetrated 
sedimentary column) of the deep-sea drill sites. 
Hiatuses have interrupted the continuity of the sedi- 
mentary record of  the North Atlantic at certain age 
[18,19], and depth intervals [7], so that the temporal 
and spatial data coverage of the Mesozoic and Ceno- 
zoic North Atlantic has to remain fragmentary. 
3. Temporal and spatial distribution of calcareous 
matter 
Calcium carbonate particles are the single most 
important sediment component in the Mesozoic and 
Cenozoic North Atlantic Ocean. However, their tem- 
poral and spatial distribution proved to be far more 
complicated than originally anticipated. During this 
time span the North Atlantic grew from a relatively 
narrow zonal ocean into a broad, elongate latitudinal 
ocean basin [9] whose maximum depth increased 
from somewhere around 4 km to more than 5.5 km, 
as schematically indicated in Fig. 2. Two phases of 
high carbonate concentrations can be observed during 
this time span, the first one lasting until approxi- 
mately 100 m.y. ago, the second one beginning 
between 70 and 80 m.y. ago and lasting until modern 
times. One cause for this twofold subdivision of the 
North Atlantic carbonate sedimentation can be 
sought in the influx of terrigenous material into the 
North Atlantic 80-100 m.y. ago, which obviously 
did not previously reach this ocean in large quantities 
and which was later confined to the deepest part of 
the eastern and western North Atlantic basins [7]. 
The highest carbonate concentrations during the 
early phase of deposition of carbonate-rich sediments 
are confined to the deepest part of the basin, 
although the sediments deposited at higher paleo- 
depth levels had high calcium carbonate contents too. 
During the later phase the distributional pattern was 
radically different, because the deepest part of the 
ocean was covered with sediments relatively poor in 
CaCOa while carbonate-rich sediments were confined 
to paleodepths shallower than 3.5 km. This trend 
became considerably more complicated uring the 
Neogene when sedimentation rates in the ocean 
basins rose dramatically [20]. During the last 25 m.y. 
carbonate concentrations have remained high in the 
upper 3.5 km of the basins, but they were depressed 
at levels around 3.5-4 and 5 km paleodepth. Carbo- 
nate-rich deposits which occur below 4 km paleo- 
depths are frequently confined to parts of  the sedi- 
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Fig. 2. Distribution of calcium carbonate (dominantly calcite) concentrations (in weight percent of the bulk sediment) in the 
main North Atlantic basin (excluding the Norwegian-Greenland Sea), based on deep-sea drill site data (see Fig. 1). The sample 
points have been backtracked totheir paleodepth of deposition [12]. Data are available for each sample point, but they have 
been averaged over 300 m and 4 m.y. intervals for contouring. The lower limit of these contours mark the approximate d pth of 
the North Atlantic at the various stages of its paleobathymetric evolution [8,9]. 
mentary columns which displayed sedimentary struc- 
tures indicative of redeposition. 
4. The position of the CCD and the paleoceanography 
of the Mesozoic and Cenozoic North Atlantic 
Ocean 
The results described here are difficult to reconcile 
with the concept of a CCD which can be applied to 
the entire time span of the last 140 m.y. of  the North 
Atlantic history. If we consider the 10% isopleth of 
the carbonate concentrations (Fig. 2), which lies 
between the values of 20% used by van Andel [3] and 
of  0% or only very few percent used by other 
authors, a CCD can only be observed during part of  
this interval. For the first 30 -40  m.y. of this portion 
of  the North Atlantic's history, when carbonate-rich 
sediments covered the entire basin, three possible sce- 
narios have to be considered: 
(1) The basin depth was shallower than the CCD. 
This assumption is at variance with previously pub- 
lished information from the Atlantic [21], from the 
Indian Ocean [22], where the CCD has been found 
to rise from approximately 3.5 km paleodepth during 
the late Jurassic to depths as shallow as 2.0-2.5 km 
paleodepth by mid-Cretaceous, but to fall again to 4 
km paleodepth in late Cretaceous and Paleogene. 
Only in the Pacific does the CCD seem to have been 
located at 4 km paleodepth or below [3] during early 
and late Cretaceous. 
(2) The production of CaCO3 particles in the early 
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and mid-Cretaceous North A lantic was unusually 
high so that the CCD was depressed into considerably 
deeper water depths than in the other ocean basins 
and well below the North Atlantic basin floor. How- 
ever, the sedimentation rates of this time span rarely 
exceeded 5-10 m/m.y., but they remained over 
large parts of the basin, even in itsshallow parts, 
below 5 m/m.y. [7]. This does not suggest a very high 
productivity of the surface waters on an ocean-wide 
scale. 
(3) The paleoceanography of the early and mid- 
Cretaceous North Atlantic was radically different 
from any model which can be applied to the upper 
Cretaceous and Cenozoic North Atlantic record. The 
widespread occurrence of anoxic sediment facies 
during the early and mid-Cretaceous times in the 
North Atlantic [23] suggests a very sluggish bottom 
water renewal [6] at times when sea surface t mpera- 
tures were elevated [24] and temperatures of the bot- 
tom waters eem to have been as much as 10 ° warmer 
than they are today [25]. The shape of the carbonate 
profile during the first 40 m.y. of the North Atlantic 
history as described here also implies the possibility 
of intermediate water masses which were able to dis- 
solve more carbonate than the bottom water masses. 
A well-defined interface separating carbonate-poor 
(<10% CaCO3) from carbonate-rich (>10% CaCO3) 
sediments can only be observed between 100 and 25 
m.y. ago (Fig. 2). This interface rose during late 
Cretaceous to approximately 4 km paleodepth but 
afterwards subsided slowly to4.5 km paleodepth by 
Paleocene times (approximately 60 m.y. ago), and 
dropped below 5.5 km paleodepth about 25 m.y. ago. 
This agrees pretty well with the previously published 
information [3] although the association f this drop 
with the initiation of southern hemisphere glaciation 
does not seem to be very clear any more because the 
CCD's drop is lagging 10-15 m.y. behind [26]. 
The picture obtained for the past 20-25 m.y. is 
rather confusing (Fig. 2) and does not allow a clear 
definition of a CCD. As mentioned previously, there 
are several fields of values indicating the occurrence 
of sediments with high carbonate contents in paleo- 
depths of between 4.0 and 6.0 km which have been 
found together with indications of downslope dis- 
placement of sediments from much shallower regions 
of the ocean basin. It is also interesting to note that 
most of the displaced carbonate is composed of par- 
ticles of pelagic origin and that it henceforth cannot 
have originated from the shallow areas of the adjacent 
continental margins. Although it is not quite clear 
where precisely the upper boundary of the domi- 
nantly displaced carbonates is situated, this limit 
could be as shallow as 3.5-4.0 km paleodepth. These 
last 25 m.y. coincided with a time when sedimenta- 
tion rates in the Atlantic increased by almost an order 
of magnitude [7,20]. During this period the other 
major sub-basins of the world ocean also received a 
much higher sediment supply than on any earlier 
occasion [20]. Thick sediment sequences were 
deposited in the regions close to the continental mar- 
gins around the North Atlantic Ocean [27] and the 
temperate to subtropical regions of the northern 
hemisphere continents were affected by major cli- 
matic shifts [28,29]. The fact that accumulation rates 
of carbonate and of the bulk sediment are similar and 
fluctuate synchronously in all oceans, even in the 
Pacific which is protected from major influx of 
suspended terrigenous matter, convincingly inks the 
deposition of the carbonate during the time span dis- 
cussed here to the flux of dissolved nutrients from 
the surrounding land masses including their epicon- 
tinental seas and to the fertility of the oceanic surface 
water masses [20,30], and thus to an interaction of 
the tectonic and climatic evolution of the surface 
environments of our globe [25]. 
In many studies it has been argued that the CCD is 
closely related to eustatic sea level f uctuations [ 12] 
which during the late Mesozoic and Cenozoic are 
believed to have been caused by climatic and plate 
tectonic processes [25,31,32]. This correlation isnot 
very obvious when considering the data presented 
here because the general trend of sea level which is 
believed to have dropped since late Mesozoic by 
approximately 300-500 m, is modulated by numer- 
ous short time eustatic sea level changes [33]. A cor- 
relation between the Mesozoic and Cenozoic arbo- 
nate distribution in the North Atlantic and the rapid 
eustatic sea level fluctuations which have so profound 
consequences for the distribution of sedimentary 
facies along the continental margins [33] can there- 
fore not be made. However, there appears to be a 
good correlation to he calculated sea level curves 
[32,34] whose fluctuations are based on volume 
changes of the mid-ocean ridge system. 
The distributional patterns of calcareous matter in 
the North Atlantic during the last 25 m.y. can be 
described with great accuracy because this part of its 
history is documented by a particularly large number 
of data points (Fig. 2). The interface between the car- 
bonate-poor and the carbonate-rich sediments appears 
to have intersected the basin floor approximately 25 
m.y. ago at 5.5 km paleodepth and it did not rise 
above it again until modern times. In particular, it
is interesting to note that an abrupt rise of  the CCD 
during late Miocene and a subsequent fall cannot be 
observed, although it has been described in previous 
studies from the Atlantic [12], the Pacific [35,36] 
and the Indian Ocean [22]. This discrepancy is
obviously caused by the massive downslope displace- 
ment of carbonate-rich sediments into an area below 
5 km paleodepth, maybe even into water depths as 
shallow as below 4 km paleodepth because the car- 
bonate-rich portions of the sedimentary columns cor- 
responding to these depth intervals during the past 25 
m.y. are characterized by sedimentary structures indi- 
cative of bottom water transport. This time interval 
coincides also with the widespread generation of 
hiatuses [18] which in the North Atlantic are particu- 
larly well developed in intermediate water depths of  
2 -3  km paleodepth [7]. This implies that the dis- 
placement of these carbonates i closely related to 
changes of the intermediate water mass structure in 
the North Atlantic, either due to changes of the inter- 
mediate water current regimes or to the injection of 
intermediate water masses from marginal basins with 
a Mediterranean-type water exchange with the North 
Atlantic, for example from the Mediterranean itself 
or from the Norwegian-Greenland Sea. 
5. Results and conclusions 
(1) Deep-sea sediments which must have been vir- 
tually carbonate-free at the end of  the Triassic or at 
the very beginning of  the Jurassic periods, are domi- 
nantly composed of calcareous particles from late 
Jurassic/early Cretaceous times on, in the North 
Atlantic even in the deepest parts of the ocean basin. 
(2) Two phases of  deposition of carbonate-rich 
sediments during the last 140 m.y. are separated from 
each other by a phase of  low concentrations due to 
dilution by the massive influx of terrigenous material 
into the North Atlantic during the mid-Cretaceous. 
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(3) The profile of carbonate concentrations in the 
North Atlantic prior to 100 m.y. ago was the oppo- 
site of its trend during the last 70-80  m.y. because 
carbonate concentrations were then highest in the 
deepest part of the basin. This implies the xistence 
of  intermediate water masses capable of dissolving 
more carbonate than the bottom water masses. 
(4) A well-developed CCD can only be observed 
between 100 and 25 m.y. ago when it rose to as much 
as 2 km above the contemporary basin floor. 
(5) It appears difficult to define a CCD in the 
North Atlantic during the last 25 m.y. because the 
interface between the carbonate-rich and -poor sedi- 
ments intersected the basin floor due to the massive 
downslope displacement of  carbonate-rich sediments. 
This event coincided probably with major changes of 
the intermediate water mass structure in the late 
Cenozoic North Atlantic Ocean. 
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